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INTRODUCTION 
The current threonine requirement (NRC, 1979) for pregnant swine is 
6.1 g per day and is based upon maximum nitrogen retention late in 
pregnancy. Other estimates vary quite widely from that recommended by 
Rippel et al. (1965b). Hoi den et al. (1971) reported that 4.0 g of 
threonine per day will meet the pregnant sow's requirement. Duee (1977) 
based a 7.2-8.4 g per day suggestion on a significant increase in plasma 
threonine and litter gain. 
The purpose of this study was to determine the effect of five 
levels of dietary threonine (3.59, 4.95, 6.31, 7.67 and 9.03 q per day), 
on reproductive performance and several metabolic criteria of repro­
ducing swine to more clearly establish a minimum daily pregnancy 
requirement. 
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LITERATURE REVIEW 
Efficient maintenance, growth, and reproduction of animals require a 
continuous, balanced supply of amino acids. Until recently, researchers 
of large animal nutrition have been forced to work with protein require­
ments derived from feeding trials using a variety of protein sources. 
The dissimilar amino acid proportions of these sources and their varied 
availability have made interpretation of these studies difficult. Present 
production of synthetic amino acids at reasonable cost has allowed the 
nutritionist to begin to establish meaningful amino acid requirements for 
all phases of animal production. 
It has been estimated that 20 percent of all feed used by the swine 
industry is consumed by the breeding herd (Tanksley, 1980). Yet, there 
have been few long-term attempts to establish the exact nutrient needs 
of the sow or boar. Until these requirements are accurately determined 
by long-term studies, effective least-cost amino acid supplementation of 
the breeding herd diet is impossible. 
Metabolism 
Shortly after feeding a conventional diet, a large quantity of amino 
acids is released into the portal blood (Tews et al., 1972). Efficient 
utilization of amino acids occurs only when all of the indispensable amino 
acids are supplied to the cell in the exact quantity necessary for protein 
synthesis (Almquist, 1954). 
The effectiveness of supplemental free amino acids in the diet has 
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been questioned. Although Longenecker and Hause (1958) had reported that 
supplemental free amino acids and protein-derived amino acids enter the 
circulatory system simultaneously, the discovery of rapid peptide trans­
port (Newey and Smyth, 1960) caused many researchers to question the 
efficiency of amino acid supplementation. However, Buraczewska et al. 
(1978) substantiated the work of Longenecker and Hause by showing that, 
although peptide transport proceeds at a faster rate than amino acid 
transport, supplemental amino acids spend much less time in the stomach 
and, hence, reach the site of absorption sooner than peptides. 
Both gravid and nongravid animals receiving adequate amounts of 
amino acids can tolerate substantial addition of unbalanced amino acid 
mixtures without showing ill effects (Harper et al., 1970). But, a short-
term major difference or a long-term minor difference between dietary 
supply and the requirement for an indispensable amino acid will hinder 
an animal's reproductive performance. It has been suggested that amino 
acid deficiencies or imbalances are capable of causing changes in tissue 
enzyme systems (Waterlow, 1959). Guly (1980) suggested that the physi­
ological changes caused by high and low concentrations of amino acids 
resulted from activation or inhibition of protein biosynthesis. He went 
on to say that abnormal concentrations not only modified the rate of pro­
tein synthesis but also disrupted the primary structure and biological 
properties of the anabolite. Long-term studies led Winick (1977) to 
suggest that the processes of RNA metabolism and protein synthesis may 
become adapted to prolonged amino acid deficiencies. 
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A deficiency of any indispensable amino acid can result in reduced 
feed intake (Robinson, 1975), depressed growth (Becker et al., 1954), 
and impaired reproductive performance (Duee and Rerat, 1975; Woerman 
and Speer, 1976). The two amino acids most often deficient in swine 
diets.are lysine and methionine. But, supplementing common feedstuffs 
with lysine and methionine can result in deficiencies in tryptophan or 
threonine. 
Catabolic enzymes 
Animals cannot tolerate an inadequate intake of threonine, isoleucine, 
or methionine-cystine as well as they can tolerate inadequate amounts of 
other amino acids (Said and Hegsted, 1970). Baker et al. (1966a) dis­
covered that the removal of threonine or isoleucine from the diet of 
nonpregnant gilts resulted in extremely poor nitrogen utilization. Nitro­
gen retention in gilts fed threonine-devoid diets was comparable to that 
of gilts fed nitrogen-free diets. At the end of 14 weeks, rats fed diets 
devoid of either threonine, methionine, or lysine lost, respectively, 50%, 
28% and 14% of their original body weight (Said et al., 1974). The 
dissimilar responses resulted from the varying ability of catabolic 
enzymes to adjust to an insufficient supply of substrate (Said and 
Hegsted, 1970). The activity of threonine's catabolic enzyme, threonine 
dehydratase, is substrate independent (Chu and Hegsted, 1976). The 
activity of lysine's catabolic enzyme, lysine-a-ketoglutarate reductase, 
is substrate dependent. Consequently, when lysine is limiting, it is 
also greatly conserved. 
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Expanding on, but somewhat contrary to this work, Hara and Nakano 
(1979) reported that threonine dehydratase activity increased if addi­
tional tryptophan, methionine or threonine was ingested. They also 
noted that enzyme induction by tryptophan and methionine was inhibited by 
feeding excess amounts of dispensable amino acids. It was determined 
by Yamashita et al. (1969) that among the 10 indispensable amino acids 
only lysine, threonine, and tryptophan were effective in enhancing the 
threonine dehydratase activity. 
Imbalance and antagonism 
Although deficiencies must be avoided, complex relationships between 
amino acids can cause the relative proportions of indispensable amino 
acids to take on great significance (Brewer et al,, 1978). 
Harper et al. (1970) stated that an addition to a low protein diet 
of as little as one fifth of the requirement of an amino acid (other than 
the limiting one) may create an imbalance. The amino acid most likely to 
bring on such an imbalance is the second most limiting one in the diet 
(Harper, 1964). 
Animals maintained on imbalanced diets limit feed intake, gain 
slowly, and make inefficient use of nitrogen (Kumta et al., 1958; Fisher 
and Shapiro, 1961). Leung et al. (1968a) noted that rats fed imbalanced 
diets gained normally if force-fed. These investigators, in later work 
(Lueng et al., 1968b), observed that if given a choice, rats will choose 
protein-free rations over imbalanced rations. Tews et al. (1979) 
suggested that altered competition among plasma amino acids for cerebral 
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transport is the cause of reduced feed consumption. The results of many 
imbalance studies led Booth (1978) to report the possible existence of an 
amino acid-regulated appetite-control center in the brain. 
The terms amino acid toxicity and amino acid antagonism are usually 
used to imply that the quantity of one or more amino acids are at least 
twice that required for rapid growth, while the others are near the 
required minimum (Harper et al., 1970). But none of the indispensable 
amino acids are likely to occur at extreme levels in a common swine diet. 
When fed at artificially high levels, methionine and tryptophan are the 
most toxic indispensable amino acids and lysine and threonine are rela­
tively nontoxic (Sauberlich, 1961). 
Anino acid antagonisms have been reported between the three branch-
chained amino acids (Rogers et al., 1962) and between lysine and arginine 
(Jones et al., 1967), 
Digestion and absorption 
The quantity (Munro, 1964) and proportion (Buraczewski, 1980) of 
amino acids available for protein synthesis does not equal that contained 
in the diet because of incomplete digestion, unequal absorption, and 
recycling of endogenous amino acids. Although the most commonly used 
procedure for determining amino acid availability in swine feed stuff has 
been the fecal index (Tanksley and Knabe, 1980), Zebrowska (1975) suggested 
that analysis of feces for that purpose should be regarded with caution 
because amino acid intake had little effect on the proportion of amino 
acids in the feces. Comparing the ileal and rectal digesta, Cho and 
Bayley (1972) found significant differences in the proportions of some 
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amino acids. Buraczewski (1980), working with intestinal loops, 
reported amino acids are not absorbed at the same rate, and that 
of the indispensable amino acids, threonine was the most slowly 
absorbed, Zebrowska (1973) and Zebrowska and Buraczewski (1977) 
reported that amino acids reaching the large intestine and cecum 
were degraded by the microbial flora with the nitrogen being 
absorbed in some form other than amino acids. Feeding corn, 
wheat and barley to swine, Sauer et al. (1977a,b) determined that 
the difference between ileal and fecal recoveries of amino acids was 
always larger for some amino acids than for others, with the largest 
differences corresponding with the amino acids having the lowest ileal 
digestibility. After reporting ileal digestibility of only 55 percent for 
threonine when meat and bone meal was fed, Tanksley and Knabe (1980) 
suggested the use of ileal digestibility values to formulate swine diets. 
The pig's inability to utilize much of the threonine ingested adds 
understanding to threonine's position as the second most limiting amino 
acid in most cereal grains (Bressani et al,, 1972) and, perhaps, in 
soybean oil meal (Berry et al,, 1962; Clark, 1963; Long, 1956). Conse­
quently, after combining feed ingredients, threonine is often the second 
or third most limiting amino acid. This necessitates accurate require­
ments because supplementation of threonine above that required may 
depress performance. 
Unfortunately, the level of threonine suggested for pregnant swine 
varies widely. Holden et al. (1971) suggested that in a corn and soy­
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bean-oil meal diet with 8% protein and 7.3 g per day of lysine, only 4.0 g 
per day of threonine is required; whereas Duee (1977), using a wheat-
based diet with 10.2% protein and 12.4 g per day of lysine, recommended 
7.2 to 8.4 g of threonine per day. 
Requirements for Reproduction 
Determining amino acid requirements for pregnant animals is compli­
cated by problems which exist only during that stage of the life cycle. 
One such problem is the unique affect on lactation performance of amino 
acid levels in the gestation diet. The critical effects of amino acids 
fed during gestation on milk production and baby pig gain have been 
investigated in numerous experiments (Hoiden et al., 1968; Duee and Rerat, 
1975; Frobish, 1978; Greenhalgh et al., 1980). A low protein gestation 
diet has been shown to precipitate a higher protein requirement during 
lactation (Mahan and Grifo, 1975). 
Regarding sow weight change during lactation and litter gain, Mahan 
and Mangan (1975) demonstrated a significant (P < .05) interaction 
between the crude protein fed during gestation and that fed during lacta­
tion. Mahan (1977) conducted a long-term experiment utilizing 8.5% and 
14% protein gestation diets and 15%, 16% and 20% protein lactation diets. 
He reported sows receiving 8.5% protein during gestation were agalactic 
in their third parity until an adequate quantity of lactation diet had 
been ingested. 
The major drawback of many reproductive performance trials has been 
their short length (Elsley and MacPherson, 1972). Amino acid recommenda­
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tions have been made and accepted based solely on maximum nitrogen 
retention during the last one third of gestation (Rippel et al., 1965a,b; 
NRC, 1979). But, it has been proven by Miller et al. (1969) that maximal 
nitrogen retention in the last stage of pregnancy is not necessary for 
optimum number and weight of pigs farrowed and weaned. Blaxter (1964) 
suggested that the different rates of organ and tissue formation during 
gestation predicates the possibility of sequential change in the need 
for amino acids. Duee and Rerat (1974) determined that sows at 60 days 
postcoitum accumulated plasma-free lysine at a lysine diet level of 
0.43%, but at 90 days postcoitum plasma-free lysine did not accumulate 
until 0.63% lysine was fed. 
These studies indicate that the total gestation requirement for an 
amino acid may not be equal to that determined during the final stages 
of pregnancy. Likewise, many experimenters have reported significant 
reductions in reproductive performance only after the animals had been 
through a series of reproductive cycles (MacPherson et al., 1969; Mahan, 
1977). Feeding gestation rations of 150, 250 and 341 grams of protein 
per day, Hawton and Meade (1971) observed that the second litter of sows 
receiving the highest protein level had significantly higher birth 
(P < .01) and weaning weights (P < .05). Mahan and Grifo (1975) reported 
that detrimental signs of feeding an inadequate level of protein (8.5%) 
during gestation was first observed during the third lactation. 
The most efficient amino acid quantity for pregnant swine can be 
determined by two methods. The metabolic balance method which determines 
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the amino acid level required for maximal biological efficiency, and the 
reproductive performance method which determines the amino acid level 
required for maximal economic efficiency. 
Metabolic balance 
Determining amino acid requirements by the metabolic balance method 
includes analysis for plasma-free amino acids, plasma urea, and nitrogen 
retained. 
Plasma amino acids Van Slyke and Meyer (1913) determined that 
plasma-free amino acids were a direct result of protein digestion and were 
rapidly taken up by the tissue. 
Longnecker and Hause (1959), using dogs, concluded that a direct 
relationship exists between the postprandial plasma amino acid pattern 
and the amino acid composition of the ingested protein. The existence 
of this relationship in the pig has been confirmed by Puchal et al. (1962). 
Mitchell et al. (1968) noted that feeding graded levels of the limiting 
amino acid did not significantly increase its plasma concentration until 
the amino acid's requirement had been fulfilled. This observation has 
also been noted by Lewis and Speer (1975b) and Sohail et al. (1978b). 
It has been demonstrated by Long (1966) that the relative proportions 
of plasma amino acids can be used to predict the second as well as the 
first limiting amino acid. The work of Sanahuja and Harper (1963) has 
shown that the plasma concentrations of the limiting amino acid fell after 
feeding, whereas the concentrations of the other indispensable amino 
acids increased. Plasma amino acids have been used in the determination 
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of lysine, tryptophan and threonine requirements for growth (Pick and 
Meade, 1970), pregnancy (Meisinger and Speer, 1979) and lactation (Lewis 
and Speer, 1975b). 
Blood urea nitrogen Excess or disproportionate quantities of 
dietary amino acids create an amino acid surplus that is deaminated 
primarily in the liver. Urea produced by deamination is a direct 
reflection of the quantity of substrate flowing into the urea cycle 
(Kiriyama and Iwao, 1969). 
In an experiment with pigs, Munchow and Bergner (1968) found a very 
high negative correlation (r = .96) existing between the biological value 
of the diet and the blood urea content. Bergner et al, (1971) concluded 
that, under standardized conditions, the blood urea level could be used 
to estimate the protein quality of swine rations. Using the pig as the 
experimental animal. Brown and Cline (1974) determined that the dietary 
lysine level which produced the lowest urinary urea concentration also 
produced maximum growth. These researchers stated that minimal urea 
excretion occurred where the dietary requirement of the first limiting 
amino acid was met. Sohail et al. (1978b) based their lysine recommenda­
tions for lactating sows solely on plasma amino acid concentrations and 
minimum plasma urea. 
Nitrogen retention Feeding diets that differed only in amino acid 
concentration, Kiriyama et al. (1971) found that urea excretion was the 
main variable causing significant differences in nitrogen retention. 
Maximum nitrogen retention occurs simultaneously with minimum urea 
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excretion and has often been used to determine amino acid requirements 
(Rippel et al., 1965a,b; Miller et al., 1969; Mesby et al., 1970). 
Positive nitrogen retention values have been reported occasionally 
without corresponding gain in weight (Costa, 1960; Holmes et al., 1962). 
The cumulative errors inherent in determining nitrogen retention leads 
to deceptively elevated values (Waterlow et al., 1960). Baker et al. 
(1966b) pointed out that if amino acid requirements are defined in terms 
of nitrogen balance, these errors lead to an under-estimation of the true 
requirement. On the other hand, Allison (1951) reported that it is 
possible for an animal to be in a positive nitrogen balance and yet be 
depleting some labile protein stores. He felt that because nitrogen 
balance is the sum of the gains and losses of nitrogen in various tissues 
of the body, it was possible that some organs may be storing nitrogen 
while the nitrogen of others is being depleted. 
Measurement of nitrogen balance is attractive in theory but difficult 
to undertake accurately. Yet, if diets are isonitrogenous and isocaloric, 
it does provide a useful comparison among contemporary diets (Elsley and 
MacPherson, 1972). However, any estimate of dietary requirements based 
on nitrogen balance should be carefully assessed against other criteria 
(Elsley, 1976). 
Reproducti ve performance 
By itself, neither nitrogen retention nor any other metabolic balance 
variable can be used to determine the ideal level of supplementation. 
Ultimately, optimal supplementation will be determined by the relationship 
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between intake of amino acids and reproductive performance. The primary 
measures of reproductive performance in sows include the number and weight 
of offspring weaned, sow weight loss and the intervals between litters 
(Greenhalgh et al., 1977). Apparently, amino acid requirements for fetal 
survival can be met almost entirely from the amino acids and nitrogen 
originating from the tissues of the sow (Pond and Walker, 1968). In 
several studies, diets which were clearly amino acid deficient showed no 
difference in litter size at birth (Hesby et al., 1970; Duee and Rerat, 
1975; Woerman and Speer, 1976; Meisinger and Speer, 1979). Pond et al. 
(1968) fed a protein-free diet throughout gestation without significantly 
altering litter size. 
Although fetal survival does not seem to be influenced by amino 
acid levels, lower birth weights have been reported when sows received 
insufficient amino acid supply during gestation (Hesby et al., 1970; 
Duee and Rerat, 1975; Meisinger and Speer, 1979). Duee and Rerat (1975), 
while feeding graded levels of lysine to gilts, noted that the average 
birth weight of pigs from sows fed a lysine-deficier.t diet was .27 kg 
lighter than the birth weight of pigs from sows receiving adequate 
amounts of lysine. 
Pregnancy diets deficient in indispensable amino acids have also 
been shown to significantly decrease early postnatal performance of the 
progeny (Duee and Rerat, 1975; Duee, 1977; Meisinger and Speer, 1979). 
Woerman and Speer (1976) observed that the addition of lysine to the 
gestation diet resulted in a significant (P < .05) linear increase in 
baby pig gains throughout a three week lactation. 
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The number of baby pigs weaned per litter was reported to increase 
significantly (P < .05) when normal corn was replaced by Opaque-2 corn 
in the gestation ration (Baker et al., 1970). Similarly, higher levels 
of dietary protein have also been shown to increase the number of baby 
pigs weaned (Hammell et al., 1972; DeGeeter et al., 1972). 
Supplementation of amino acids in a low protein gestation diet has 
resulted in increased sow gains (Duee and Rerat, 1975; Meisinger and 
Speer, 1979). 
Holden et al. (1971) observed a linear increase in sow weight gain 
as the level of methionine was increased in an 8 percent gestation 
ration. 
The existence of a negative correlation between gestation gains and 
lactation gains has been reported by Salmon-Legagneur and Rerat (1962) 
and Lodge et al. (1961). Woerman and Speer (1976) noted that lactation 
gains decreased as the lysine supplementation increased in the gestation 
ration. An insufficient quantity of just one indispensable amino acid 
can prolong the period between weaning and estrus. Tryptophan-deficient 
sows were reported by Meisinger and Speer (1979) to require six times 
the number of days to exhibit estrus postweaning. 
These studies of the effects of amino acids on reproductive 
performance indicate the need of specific amino acid levels in the diet 
of pregnant swine. 
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EXPERIMENTAL 
Objectives 
The objective of this research was to determine the threonine 
requirements for pregnancy in swine. The criteria used to evaluate 
threonine level responses are listed in Table 1. 
Experimental Diets 
The basal gestation diet (Table Al) consisted of ground yellow corn 
and gelatin fortified with vitamins, minerals, and the indispensable 
amino acids less threonine in accordance with requirements of reproducing 
swine as reported by the NRC (1979). The amino acid composition of the 
diet is shown in Table A2 and the composition of the vitamin and trace 
mineral premixes are shown in Table A3 and A7. The basal diet was 
supplemented with increasing levels of L-threonine in equal increments 
of 1.365 g L-threonine per sow per day. The diets were made isonitro-
genous and isogravimetric by substituting glutamic acid and solkafloc 
for L-threonine. Each sow was fed 1.82 kg per day during prebreeding, 
pregnancy and after weaning. 
At farrowing and until weaning, all sows received a common lactation 
diet formulated to be marginal in threonine, and fed in equal portions 
two times daily at the rate of 4.0 kg per day during the first lactation 
and 4.75 kg per day during the second. It was composed of ground sorghum 
grain, ground yellow corn, soybean meal and gelatin fortified with vitamins 
and minerals according to the NRC (1979) recommendations for lactating 
swine. The amino acid composition of the diet is shown in Table A5 and 
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Table 1. Criteria used in the evaluation of threonine level responses 
Threonine requirement 
Gestation nitrogen balance 
Plasma threonine (gestation) 
Plasma urea nitrogen (gestation) 
Number of pigs born, total and live 
Litter birth weights, total and live 
Weekly baby pig gains for 3 weeks 
Plasma threonine (lactation) 
Plasma urea nitrogen (lactation) 
Lactation nitrogen balance 
Milk yield, total and solids 
Sow weight changes 
Number of corpora lutea 
Number of embryos, total and live 
Carcass measurements 
Estimated lean weight 
Threonine dehydratase activity of sow liver 
L-lysine-a-ketoglutarate reductase activity of sow liver 
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the vitamin and trace mineral premix compositions are shown in Table A6 
and A7. 
Gestati on 
The data reported herein are on file in the Swine Nutrition section 
of the Animal Science Department, Iowa State University of Science and 
Technology, Ames, Iowa, and identified as Swine Experiment 7722. This 
experiment was started in October, 1977 and finished in June, 1979. 
The study was a randomized block experiment. Twenty-five sexually 
mature 4-way cross bred gilts (Hampshire X Spot X Yorkshire X Landrace) 
from the Iowa State University Swine Nutrition Farm were allotted to the 
five treatments from five outcome groups of five littermate gilts of 
similar weights. The sows remained on the allotted treatments for two 
consecutive pregnancies and approximately 30 days of the third pregnancy. 
Analysis of data was conducted by the method of least squares of 
unequal subclass numbers as described by Harvey (1960). Five dietary 
treatments were the main plots, two parities were the first subplot, two 
periods (45 and 90 days postcoitum) were the second subplot and two times 
(prefeeding and postfeeding) were the third subplot. Treatment effects 
were tested by Error A (Rep X trt); parity effects were tested by Error B 
((Rep X Parity) + (Rep X Parity X trt)); period effects were tested by 
Error C ((Rep X Per) + (Rep X Per X trt) + (Rep X Per X Par) + (Rep X 
Per X Par X trt)), while time effects were tested by the remainder. 
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The gilts were initially housed in open-front pens with concrete 
floors. Fresh water was available at all times and in cold weather, straw 
was used as bedding. Animals were fed in individual feeding stalls and 
remained in these stalls until the allotted feed was consumed. The 
animals were checked twice daily for estrus. Each gilt was started on 
her assigned diet when estrus was observed, and hand mated to Hampshire X 
Spot boars twice daily the following estrus. Twenty-five days postdating 
the gilts were placed in raised crates located in a completely enclosed, 
environmentally-controlled building. Water supplied by gravity-fed nipple 
waterers was available at all times. Immediately following weaning, sows 
were returned to their original treatment and bred on their first estrus. 
Five-day nitrogen balance trials were initiated on the 45th and 90th 
day of pregnancy. Trials were conducted in raised crates equipped with 
a tether to restrain the animal. Feces were allowed to fall through 
slats at the rear of the crate and onto a fine mesh screen. The feces 
were collected daily, weighed and stored in plastic bags at -20°C. The 
five day collections from each sow were composited and a 1 kg subsample 
was dried in an oven at 55°C, allowed to air equilibriate, and was then 
weighed. The dried samples were ground in a Wiley Mill and stored in 
sealed glass containers for later analyses. 
Urine was collected with a size 24 or 26 Foley catheter inserted 
into the bladder via the urethra. The catheter drained through Tygon 
tubing into a 20 liter bottle containing 40 ml of 10% HCl. The urine was 
measured daily and a .5% subsample taken and stored at -20°C for later 
nitrogen analysis. 
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At the conclusion of each balance trial, two heparinized blood 
samples were withdrawn from the anterior vena cava of each animal. The 
first sample was taken following approximately a 24-hour fast and the 
second, 2 hours postfeeding. Thirty-five ml samples were centrifuged 
immediately and the plasma stored at -20°C for later analyses. 
Lactation 
The sows were placed in raised farrowing stalls at 112 days post-
coitum and remained in those stalls throughout the 21-day lactation. The 
sows and their litters were allowed free access to water at all times, 
but creep feed was not supplied. 
Sow body weight was recorded before parturition, immediately post­
partum, and weekly during lactation. Immediately postpartum, the total 
number of pigs born, number of pigs born live, total weight of the litter, 
and weight of pigs born live were recorded. By day 3 of lactation, litter 
size was adjusted to seven pigs during the first lactation and eight pigs 
during the second lactation. Litter size was maintained by replacing 
any pig that died with a pig of similar age and weight. The litters were 
weighed at 7, 14, and 21 days postpartum. 
Milk yields were estimated for each sow on day 14 postpartum as 
described by Lewis and Speer (1975a). The pigs were weighed immediately 
before and after suckling at hourly intervals. Pigs were separated from 
the sow between suckling periods and penned in a heated wooden pen. 
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Milk yield measurements were obtained for 9 consecutive hours. The 
first 3 hours were used as an adaptation period, and the final 6 hour 
values were used to calculate the 24-hour milk yield. 
A blood sample was taken 4 hours postfeeding on day 15 of lactation 
and was processed as described in the gestation blood sampling procedure. 
Following withdrawal of the blood sample and without removing the needle, 
10 lU of oxytocin were injected. A milk sample was then expressed by 
hand. The milk was filtered, bottled, and stored at -20°C for later 
analysis. 
A nitrogen balance trial was conducted from day 15 to day 20 of 
lactation in a similar manner as that described for pregnancy. Care 
was taken to separate pig feces from the sow feces. 
Slaughter 
At 27 + 4 days postcoitum of the third pregnancy, all bred sows 
were slaughtered. The reproductive tract was removed intact. Corpora 
lutea were counted on both ovaries. The uterus was opened and the 
embryos were counted to determine fertilization, implantation, and 
livability. 
The hot carcass weight was recorded. On the day after slaughter, 
measurements were taken on the chilled carcass. Carcass length was 
measured from the first rib to the aitch bone. The mean of measurements 
taken at the 1st rib, last rib and last lumbar vertebrae was recorded 
as carcass backfat. The area of the longissimus muscle was measured at 
the 10th rib by means of a grid. 
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Analytical 
The nitrogen content of all feed, feces, urine and milk was deter­
mined by the methods of A.O.A.C. (1975). The milk total solids content 
was determined by the A.O.A.C. (1975) method for determining milk dry 
matter. Plasma was analyzed for urea nitrogen as described by Marsh 
et al. (1965). Plasma amino acids were analyzed by gas liquid chroma­
tography as their N-trifluoroacetyl n-butyl esters following a two-
stage derivatization. The method was basically that of Gehrke et al. 
(1971) using commercially available materials and reagents. Feed 
and corn were hydrolyzed with HCl and the hydrolysates analyzed in the 
same manner as the plasma. 
L-lysine-a-ketoglutarate reductase activity was determined by the 
method of Noda and Ichihara (1978). The conversion of lysine to sacchar-
pine was measured by following the oxidation of NADPH at 340 nm. Threo­
nine dehydratase incubation was conducted according to the method of 
Bottom!ey et al. (1953). The quantity of keto acid formed was measured 
by the method of Nishimura and Greenberg (1961) using dinitrophenyl-
hydrazine. Protein content of the homogenate was determined by the 
method of Lowry et al. (1951). 
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RESULTS AND DISCUSSION 
Death Loss 
Two sows died and two aborted during the course of the experiment. 
One sow died on the 78th day of her second pregnancy. This sow was being 
fed the lowest level of threonine. Postmortem examination showed 
extensive renal lesions and ecchymotic hemorrhages in the left ventricle 
and septum of the heart. This sow was replaced with a 194 kg gilt. A 
sow on the second lowest level of threonine died on the 49th day of her 
first pregnancy. Renal infection was the cause of death. She was 
replaced with a 152 kg gilt. 
Two sows being fed the second lowest level of threonine aborted. 
One aborted on the 78th day of her first pregnancy and the other aborted 
twice, once on the 47th day of her first pregnancy and again on the 56th 
day of her second pregnancy. Both sows ranained on their experimental 
treatments, were rebred and farrowed successfully. 
Metabolism 
Gestation 
Plasma amino acids The effect of threonine on plasma threonine 
and plasma lysine during gestation is presented in Figures 1 and 2 and 
Tables A12-A16. Summaries of the other dispensable and indispensable 
amino acid levels are presented in Tables A31-A33. 
The levels of plasma threonine after a 24-hour fast and following 
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feeding increased linearly (P<.005) as the level of threonine in the 
diet increased. 
The plasma threonine curve followed a pattern similar to that 
described by Lewis and Speer (1974) for lysine and tryptophan. The 
quadratic increase (P<.05, Tables A13 and A14) in plasma threonine 
suggests the low level of dietary threonine was inadequate. Plasma 
threonine increased slowly and then more rapidly as daily levels above 
4.95 g of threonine were fed. 
Morrison et al. (1961) and Zimmerman and Scott (1965) reported 
that when the animal's limiting amino acid requirement was met, there 
was a sharp increase in that amino acid's plasma concentration. Bravo 
et al. (1970), Holden et al. (1971), Keith et al. (1972) and Sohail et 
al. (1978a) have all used this response to determine amino acid 
requirements. 
Plasma threonine ratios before and after feeding were greater than 
one for the four higher dietary threonine levels while the lowest of 
threonine levels fed resulted in a ratio less than one. A similar 
response was reported by Meisinger and Speer (1979) with tryptophan 
deficient diets and is considered indicative of an amino acid de­
ficiency (Longenecker and Hause, 1959; Munro, 1970). 
A summary of plasma threonine as affected by the two bleeding 
periods (45 and 90 days) is presented in Table A16. Threonine concen­
tration at the second bleeding was significantly higher (P<.005) than 
at the first. A significant (P<.01) treatment x bleeding period inter­
action was also observed. Bleeding period had no affect on plasma 
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threonine values when the two lower levels of threonine were fed, 
but the first bleeding period's plasma threonine values were 
much lower than the second period's when the three higher 
levels of threonine were fed (Table A37). 
There seems to be a plasma and dietary relationship between threonine 
and lysine. Gray et al. (1960), Morrison et al. (1961) and Long (1966) 
have observed a significant decrease in plasma lysine as plasma threonine 
increased. In this experiment, the increase in plasma threonine as 
dietary threonine was increased resulted in a linear (P<.01) and quadratic 
(P<.005) decrease in fasted plasma lysine. This would suggest that plasma 
lysine is either being degraded or tissue uptake is more rapid when high 
levels of threonine are fed. An indication that the lysine is cata-
bolized more rapidly in the presence of high threonine levels is 
suggested from liver L-lysine-a-ketoglutarate reductase activity. 
L-lysine-a-ketoglutarate reducatse activity of sow liver samples as 
affected by dietary threonine in this experiment is presented in Table 
A35. There was a significant linear increase in saccharopine produced 
as the level of threonine in the diet increased. Although it has been 
established by Hutzler and Dancis (1975) and Noda and Ichihara (1978) 
that ornithine, glutamine, leucine and tryptophan can inhibit L-lysine-
a-ketoglutarate reductase activity, this author is unaware of any studies 
suggesting dietary threonine will increase this liver catabolic 
enzyme's activity. Conversely, a relationship between increasing dietary 
lysine and plasma threonine levels has been observed. An inverse 
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relationship between dietary lysine level and plasma threonine has been 
reported by Muramatsu et al. (1973) and Woerman and Speer (1976). 
Yamashita et al. (1967) found that elevated levels of dietary lysine in­
creased liver threonine dehydratase activity. 
It has been reported that increasing the level of protein increases 
the quantity of dietary threonine required for maximum gain (Sowers and 
Meads, 1972). Bressani et al. (1972) stated that regardless of the level 
of dietary protein the effects of threonine depends on the level of ly­
sine in the diet. High protein diets increase threonine dehydratase 
activity as a result of increased amounts of constituent lysine, threo­
nine and tryptophan and decreased secretion of insulin, if the diet is 
carbohydrate deficient (Yamashita et al., 1969) 
An attempt was made to determine the threonine dehydratase activity 
of frozen sow liver samples, but the samples showed little or no activity. 
Cole (1979) noted that although some estimates of the threonine re­
quirement for the growing pig are inconsistent when expressed as a per­
centage of the diet, they are in relatively good agreement when expressed 
as a percentage of the level of dietary lysine. He (Cole, 1979) sug­
gested that the threonine requirement is 60% of the dietary lysine. In 
this experiment, the threonine levels were 44%, 51%, 77%, 93% and 110% 
of the lysine level. 
A major source of variation from this ratio results from varying 
degrees of amino acid availability. This inconsistency should disappear 
if rations are balanced on an available amino acid basis as suggested by 
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Tanks!ey and Knabe (1980). 
This possible lysine-threonine interrelationship helps explain the 
wide variation in suggested threonine requirements for pregnancy. Hoiden 
et al. (1971) noted that as little as 4.0 g of threonine can meet the re­
productive requirements of sows fed 7.3 g of lysine per day. Lucas (1967) 
concluded that the requirement for pregnancy does not exceed 5.0 g of 
threonine when 7.7 g of lysine was fed. Rippel et al. (1965b) recom­
mended 6.2 g of threonine with 9.6 g of lysine per day, and Duee (1977) 
suggested 7.2 to 8.4 g of threonine when fed with 12.4 g lysine per day. 
It seems to be reasonably well-established that high lysine diets 
increase the threonine requirement via control of liver threonine dehy­
dratase. Conversely, the level of dietary threonine may influence the 
lysine requirement via its effect on liver L-lysine-a-ketoglutarate re­
ductase activity. 
In this experiment, as dietary threonine increased there was a lin­
ear increase in plasma threonine and liver a-ketoglutarate reductase 
activity, and a linear decrease in plasma lysine. When feeding DL-
threonine, Morrison et al. (1961) observed that the plasma lysine/ 
threonine ratio was a sensitive indicator of the adequacy of lysine in 
the diet of rats. Inadequate lysine in the ration produced a lysine/ 
threonine ratio of much less than one, adequate lysine produced a ratio 
near one and excess lysine produced a ratio much greater than one. 
Because the activity of a-ketoglutarate reductase is reduced when 
lysine becomes limiting (Said et al., 1974), the possibility of higher 
dietary levels of threonine increasing the animal's requirement for 
lysine seems remote. But, with lower dietary levels of threonine. 
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reduced a-ketoglutarate reductase activity (as shown in this experiment) 
may spare lysine, and thus lower the animal's lysine requirement. 
The sum of the six indispensable amino acids measured in this study 
during gestation (val, ile, leu, thr, phe and lys) increased linearly 
(P<.005) both before and after feeding as dietary threonine increased 
(Tables A31 and A32). Other than plasma threonine and lysine, there was 
a linear (P<.05) increase in the sum of the postfeeding concentrations 
of valine, isoleucine, leucine and phenyalanine as the level of threonine 
in the diet increased. Contrary to these results, Lewis and Speer (1975b) 
and Duee (1977) noted a decrease in these same amino acids as the level 
of threonine increased in the diet of lactating and gestating swine. 
Plasma urea nitrogen The summary of gestation plasma urea 
nitrogen as affected by threonine intake is presented in Tables A31, A32 
and A33. 
Brown and Cline (1974) reported that, as the dietary amino acid 
balance improved, the postfeeding plasma urea decreased and the minimum 
plasma urea level occurred at the point where the dietary requirement 
of the first limiting amino acid was met. In this experiment, plasma 
urea nitrogen was not significantly affected by dietary treatment. The 
minimum level of plasma urea nitrogen was found when 4.95 g per day of 
threonine was fed. 
Nitrogen retention The summary of gestation nitrogen metabolism 
as affected by threonine intake is presented in Figure 3 and Tables A8-
All. Increasing dietary threonine resulted in a linear (P<.05) decrease 
in fecal nitrogen. Varying the level of threonine in the diet caused 
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significant (P<.05) fluctuation in the amount of nitrogen excreted in 
the urine and a corresponding effect on nitrogen retention. Animals 
fed 3.6 g of threonine per day retained significantly (P-.01) less 
nitrogen than animals fed higher levels of threonine while those fed 
6.3 g of threonine retained significantly (P<.05) less nitrogen than 
those fed 4.9, 7.7 or 9.0 g per day. 
The experiment's overall mean of 6.86 g of nitrogen retained per 
day is in accordance with that observed in other trials using urethral 
catheters. Woerman and Speer (1976) reported an average nitrogen reten­
tion of 7.25 g per day while feeding 25.5 g of nitrogen per day and 
Meisinger and Speer (1979) reported an average nitrogen retention of 
4.17 g per day while feeding 31.1 g of nitrogen per day. 
In this study (see Tables A8-A11), nitrogen retention during preg­
nancy increased (P<.005) from 5.89 g retained per day at 45 days to 
7.84 g retained at 90 days. 
Maximum nitrogen retention has been the basis of many dietary amino 
acid recommendations. In this experiment, maximum nitrogen retention of 
8.1 g per day occurred when 4.95 g of threonine was fed (see Tables A8 
and A27). The nitrogen retention of 6.1 g retained per day when 6.31 g 
of threonine was fed seems to be low in relation to the other treatments. 
The weight gained by sows on that treatment suggest a nitrogen retention 
value more in line with the nitrogen retained by sows fed the 4.95 and 
9.03 g threonine diet. 
Lactati on 
Plasma ami no acids and plasma urea nitrogen The sunmary of lac­
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tation plasma amino acids and plasma urea nitrogen, as affected by threo­
nine intake during gestation, is presented in Table A23, A24 and A34. 
The level of threonine in the gestation diet did not alter plasma amino 
acids or plasma urea during lactation when all sows were fed a common 
diet. Woerman (1975) and Meisinger (1978) also reported a lack of ges­
tation treatment effect on blood constituents during lactation when all 
sows were being fed the same diet and at the same daily intake. 
Nitrogen retention The summary of lactation nitrogen metabolism 
as affected by threonine intake during gestation is presented in Table 
A25. Lactation nitrogen metabolism was unaffected by threonine level fed 
during gestation. 
Nitrogen retention of sows on the first, second, third and fifth 
treatment was nearly identical, and only slightly greater than nitrogen 
retention of sows receiving the fourth treatment. Woerman and Speer 
(1976) reported a significant linear decrease in nitrogen retention 
during lactation as the lysine in the gestation diet was increased. 
Performance and carcass 
Reproductive performance A sumnary of reproductive performance 
is shown in Table A17. The number and weight of pigs born per litter 
were not significantly affected by treatment. It is well-documented 
that severe protein restriction in swine during a single gestation gen­
erally results in satisfactory pregnancy performance (Pond and Walker, 
1968; Shields et al., 1980). 
Improved reproductive performance normally occurs at the second 
farrowing, but in this study, second litter sows farrowed fewer and 
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lighter pigs. 
Days to estrus, number of services and length of gestation were un­
affected by the threonine content of the diet. The lack of difference 
in the number of days to estrus as threonine level increased was unlike 
the results reported by Woerman and Speer (1976) and Meisinger and Speer 
(1979). They found that as the limiting amino acid increased from a 
clearly inadequate level, there was a significant linear decrease in the 
number of days to estrus following weaning. 
Lactation performance A summary of 1actation performance and 
nursing pig gain as affected by threonine intake during gestation is 
presented in Tables A21 and A25. 
Little research on lactation performance has been done to determine 
the carry-over effect of amino acid intake during gestation. Using amino 
acid deficient gestation diets, Woerman and Speer (1976) and Meisinger 
and Speer (1979) clearly demonstrated a carry-over effect on milk produc­
tion, milk quality and nursing pig gains. 
The threonine levels used in this experiment did not significantly 
affect milk production, milk quality or nursing pig gains. Sows fed 
7.67 g of threonine per day produced the largest quantities of milk, 
milk solids and milk nitrogen but they had slower gaining pigs than sows 
fed only 5.31 g per day. 
All treatment means in this experiment for milk production, milk 
quality and baby pig gains are equal to values reported by Meisinger and 
Speer (1979) for adequately fed sows of similar age and genetic back­
ground. 
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Overall weight change A summary of weight changes during gesta­
tion is presented in Table A27. As the level of dietary threonine in­
creased, gross gestation weight gain (prepartum weight minus weight 
at mating) increased both linearly (P<.05) and quadratically (P<.05), 
while net gestation gain (postpartum weight minus weight at mating) in­
creased linearly (P<.01). Sows fed 6.31 and 7.67 g of threonine per day 
gained more weight during gestation than animals receiving the other 
three treatments. Sows which gain the most weight during pregnancy nor­
mally lose the most weight during lactation (Salmon-Legagneur and Rerat, 
1962). In this experiment, although there was a significant increase 
in gestation gains, treatment did not significantly affect weight change 
during lactation. 
Total gain (weight at slaughter minus weight at onset of experi­
ment) increased linearly (P<.01) and quadratically as threonine levels 
fed during gestation increased. Maximum gains occurred when sows re­
ceived 7.67 g of threonine per day. 
Carcass characteristics As shown in the summary of carcass mea­
surements in Table A29, there were no significant differences in carcass 
measurements. Sows fed 7.67 g threonine per day had the largest live 
weight, carcass weight, loin eye area, percent muscle, and percent ham 
and loin. 
The apparent discrepancy in carcass weight in relation to the net 
gain for sows among the treatments (see Table A27), particularly for 
sows fed 3.59 g per day of threonine, is explained by the heavier gilts 
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Table 2. Estimate of the threonine requirement for reproduction de­
termined from optimum criteria 
Optimum 
threonine 
Item level, g/day 
Nitrogen retention (gestation) 4.95 
Plasma threonine 4.95 
Plasma urea 4.95 
Total litter weight 3.59 
Litter weight, live pigs 3.59 
Days to estrus 3.59 
Total embryos 3.59 
Live embryos 3.59 
Baby pig performance 3.59 
Milk yield 3.59 
Total milk solids 3.59 
Milk nitrogen 3.59 
Nitrogen balance (lactation) 3.59 
Gross gestation weight gain 6.31 
Net gestation weight gain 6.31 
Lactation weight gain 3.59 
Sow weight gain (total exp.) 7.67 
Hot carcass weight 3.59 
Loin eye area 3.59 
Carcass length 3.59 
Estimated lean weight 3.59 
L-lysine-o-ketoglutarate reductase 4.95 
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allotted to this treatment, and also the very heavy weight of the gilt 
that replaced the sow that died. 
Determination of the threonine requirement for reproduction 
A summary of the optimum dietary threonine level for reproduction 
is presented in Table 2. Considering all of the criteria, 4.95 g of 
threonine per day satisfies most of the metabolic needs of the pregnant 
gilt or sow and the requirement seems to be no higher than this level. 
Maximum reproductive performance occurred when 3.59 g were fed, 
althought 4.95 g were required to maximize the metabolic estimates. 
The quantity and quality of milk and nursing pig gains were at 
maximum when 6.31 to 7.67 g of threonine were fed. These results support 
Duee's (1977) findings that maximum baby pig gains occurred at higher 
than NRC (1979) recommended levels. 
In most cases, as the supply of an amino acid decreases from ade­
quate to deficient, the activity of its catabolic enzyme also decreases. 
This amino acid sparing results in a gradual decline in performance. 
But, as threonine becomes deficient, the activity of its catabolic 
enzyme, threonine dehydratase, is unchanged. The inability to compen­
sate for less than optimal levels has resulted in a pronounced decline 
in performance in other animals as threonine falls below the minimum 
daily requirement (Said et al., 1974). In this study, the lack of a 
significant difference in reproductive performance and the changes in 
metabolic estimates shown in Table 1 lead to the conclusion that a daily 
intake of 4.95 g of L-threonine meets the requirement for reproduction. 
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If it is assumed that the added L-threonine is 100% digestible and 
that about 75% of the threonine in yellow corn is available and about 
76% of the threonine in soybean meal is available (Tanksley and Knabe, 
1980), then 75.1% of the threonine present in the standard 12% corn-
soybean meal ration can be utilized and the threonine requirement for 
reproduction would then be no higher than 5.4 g per day or 0.297% 
dietary threonine when fed at 1.82 kq per day. 
This level of threonine agrees reasonably with the report by Lucas 
(1967) that the threonine required for maximum reproductive performance 
was no greater than 5.0 g per day. 
To equal the quantity of available lysine contained in the basal 
ration, a common feed stuff ration (in which lysine is about 87% avail­
able) would need to supply 8.8 g of lysine per day. The threonine level 
recommended here, when expressed as a percent of the dietary lysine level, 
is 61.4. This is in agreement with suggestions of 55.0 (Holden et al., 
1971), 63.0 (Duee, 1977), 64.0 (RippeT et al., 1965b), 64.0 (Holden, 1967) 
and 65.0 (Lucas, 1967). 
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SUMMARY 
Twenty-five crossbred gilts were used to determine the threonine 
requirement for reproduction. L-threonine was added to a fortified 
corn-gelatin diet to attain threonine levels of 3.59, 4.95, 6.31, 7.67 
and 9.03 g per day. These diets were fed at a rate of 1.82 kg per day 
before mating and during 3 successive pregnancies. During each 
3-week lactation, all animals received the same corn-sorghum-gelatin-soy-
bean meal diet which contained 0.35% threonine. Litter size and feed 
intake were standardized during both lactations. 
Five day nitrogen balance trials were initiated on the 45th and 90th 
day of pregnancy. Increasing the dietary threonine resulted in a signif­
icant difference in nitrogen retention, with maximum retention occurring 
when 4.95 g of threonine were fed. After each balance trial blood sam­
ples were drawn before and following feeding. Although plasma urea ni­
trogen did not change significantly, the lowest level occurred when 4.95 
g of threonine were fed. As threonine intake increased, plasma threonine 
increased linearly (P<.005) and quadratically (P<.05) with the response 
curve inflection at 4.95 g. This increase in plasma threonine was accom­
panied by a significant linear (P<.01) and quadratic (P<.005) decrease in 
fasted plasma lysine and a significant linear (P<.05) increase in the 
liver sample activities of lysine's catabolic enzyme, lysine-a-keto-
glutarate reductase. 
Sow weight gains increased linearly (P<.01) and quadratically 
(P<.01) with increasing threonine levels. Maximum gestation gains 
occurred when 6.31 g threonine were fed, while maximum gains for the 
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entire experiment occurred when 7.67 g were fed. The quantity of 
threonine in the gestation diet did not alter lactation gains. 
Litter weight, number of pigs born, baby pig gains, daily milk 
yield and milk protein were not significantly influenced by 
threonine levels. 
All sows were slaughtered at 27+4 days of the third gestation 
period. There were no significant differences in live weight, hot 
carcass weight, loin eye area, carcass backfat and percent muscle. 
Although there were no significant differences in reproductive 
performance among treatments, the changes in metabolic criteria lead to 
the conclusion that a daily intake of 4.95 g of L-threonîne meets the 
requirement for reproduction. 
If it is assumed that added L-threonine is 100% available, 75% of 
the threonine in yellow corn and 76% of the threonine in soybean meal 
is available (Tanksly and Knabe, 1980), then 75.1% of the threonine 
present in the standard 12% corn-soybean meal ration would be 
utilized. The threonine requirement for reproduction would then 
be no higher than 5.4 g per day or 0.297% dietary threonine when 
fed at 1.82 kg per day. 
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Table Al. Composition of gestation basai diet^ 
Ingredient Amount, % 
Ground yellow corn 55.0 
Gelati n 2.5 
Dextrose 33.66 
Soybean oil 1.00 
Solkafloc 1.50 
Dicalcium phosphate (22% Ca, 18.5% P) 2.00 
Calcium carbonate (38% Ca) 0.80 
Sodium chloride (iodized) 0.40 
Vitamin premix^ 0.20 
Choline chloride (50%) 0.1918 
Trace mineral premixC 0.05 
Potassium chloride 0.085 
Selenium premix (.02%) 0.025 
L-isoleucine 0.12 
L-lysine HCl 0.275 
L-histidine 0.022 
L-tryptophan 0.075 
L-valine 0.20 
L-threonined — — — 
L-glutamic acid 1.9 
Total 100.00 
®The basal diet was calculated to contain 2997 kcal ME/kg. Chemical 
analysis indicated the basal diet to contain 9.1% crude protein. 
'^Composition of vitamin premix shown in Table A3. 
^Composition of trace mineral premix shown in Table A7. 
^L-threonine added to provide 3.59, 4.95, 6.31, 7.67, and 9.03 g 
1-threonine per day in the experimental diet. All diets were .made 
isonitrogenous by glutamic acid inclusion. 
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Table A2. Daily intake of essential amino acids provided by the gestation 
basal diet 
Amino acid Corn Gelatin Added Total 
(g/day) 
Arginine 5.00 3.59 - 8.60 
Histidine 2.00 0.35 0.40 2.75 
Isoleucine 4.00 0.59 2.18 6.78 
Leucine 11.01 1.32 - 12.33 
Lysine 2.40 1.91 3.90 8.21 
Methionine 2.00 0.36 - 2.36 
Cysti ne 2.00 0.04 - 2.04 
Phenylalanine 5.00 0.91 - 5.91 
Tyrosine 5.00 0.18 - 5.19 
Threonine 2.70 0.86 - 3.57 
Tryptophan 0.50 - 1.36 1.86 
Valine 4.00 1.09 3.64 8.74 
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Table A3. Composition of gestation vitamin premix and diet 
Ingredient 
Quantity/kg of 
vitamin premix 
Quantity/kg of 
gestation diet 
Vitamin A, lU 
Vitamin D2, ID 
Riboflavin, mg 
Pantothenic acid, mg 
Niacin, mg 
Vitamin B12, mg 
Ethoxyquin, mg 
2200000 
550000 
3300 
8800 
16500 
11 
220 
4895.00 
1100.00 
7.15 
21.72 
51.70 
22.00 
0.44 
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Table A4. Composition of lactation diet fed to all sows^'^ 
Ingredient Level 
Ground sorghum grain milo 42.5 
Ground yellow corn 42.5 
Soybean meal (47.5%) 5.00 
Gelatin 1.50 
Dextrose 4.85 
Dicalcium phosphate (22% Ca, 18.5% P) 1,25 
Calcium carbonate (38% Ca) 1.0 
Sodium chloride (iodized) 0.50 
Vitamin premix^ 0.50 
Trace mineral premix^ 0.05 
L-lysine HCl (78% L-lysine) 0.20 
Choline chloride (50%) 0.15 
Total 100.00 
^The lactation diet was calculated to contain 3137 kcal ME/kg. 
Chemical analysis indicated the diet to contain 12.4% crude protein. 
*^4.0 kg/day during the first lactation and 4.75 kg/day fed during 
the second lactation. 
^Composition of vitamin premix shown in Table A6. 
^Composition of trace mineral premix shown in Table A7. 
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Table A5. Essential amino acid composition of lactation diet 
Amino acid Total, % 
Arginine 0.68 
Histidine 0.29 
Isoleucine 0.53 
Leucine 1.30 
Lysine 0.55 
Methionine 0.18 
Cystine 0.21 
Phenylalanine 0.51 
Tyrosine 0.49 
Threonine 0.35 
Tryptophan 0.12 
Valine 0.54 
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Table A6. Composition of lactation vitamin premix and diet^ 
Ingredient 
Quantity/kg of 
vitamin premix 
Quantity/kg of 
lactation diet 
Vitamin A, lU 440000 2387.0 
Vitamin D2, lU 110000 550.0 
Riboflavin, mg 660 5.0 
Pantothenic acid, mg 1760 19.4 
Niacin, mg 3300 92.7 
Vitamin B12, meg 2200 11.0 
Ethoxyquin, mg 44 0.2 
^The vitamins are carried in 80% fine ground yellow corn. 
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Table A7. Composition of trace mineral premix® 
Percent Level in diet when 
Element in premix added at .05%, mg/kg 
Zinc 20.00 100.00 
Iron 10.00 50.00 
Manganese 5.50 27.50 
Copper 1.10 5.00 
Cobalt 0.10 0.50 
Iodine 0.15 0.75 
Ingredients: zinc sulfate, ferrous sulfate, manganese sulfate, 
iron oxide, copper oxide, cobalt carbonate, calcium iodate, and calcium 
carbonate. 
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Table A8. Summary of gestation nitrogen metabolism as affected by 
threonine intake, g/day^ 
Dietary threonine, g/day 
Item 3.59 4.95 6.31 7.57 9.03 
Nitrogen intake 25.5 26.5 26.5 26.5 26.5 
Fecal nitrogen 4.3 4.1 4.0 3.9 3.6 
Urine nitrogen 15.9 14.1 15.3 14.7 15.7 
Nitrogen retained^ 5.2 8.1 6.1 7.9 7.0 
Apparent nitrogen 
r 83.8 84.4 84.8 85.4 86.2 digestibility^, % 
^Refer to Table A9 for the statistical analysis. 
t-test indicates treatment 1 vs other four treatments is significant 
{P<.01). A t-test also indicates treatment 3 vs treatments 2, 4 and 5 is 
significant (P<.05). 
^Apparent nitrogen digestibility = (NI-FN)/NI x 100. 
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Table A9. Analysis of variance of nitrogen metabolism during gestation 
Mean squares 
Apparent 
Fecal Urine Ni trogen nitrogen 
Source d.f. nitrogen nitrogen retained digestibility 
Treatment 4 1.228 26.53* 30.51** 17.50 
Li near 1 4.811** 7.41 23.71 68.61** 
Quadrati c 1 0.057 21.42 19.39 0.78 
Cubic 1 0.044 10.55 11.58 0.60 
Quarti c 1 0.001 66.74** 67.37** 0.01 
Repli cate 4 0.108 14.13 12.11 1.51 
Error A 16 0.504 7.67 5.53 7.12 
Parity 1 0.556 21.25 27.79 7.78 
Parity X trt 4 0.474 0.87 1.19 6.73 
Error B 20 0.332 5.86 7.48 4.74 
Peri od 1 0.018 99.39*** 94.98*** 0.31 
Period X trt 4 0.862 18.39 21.89 12.37 
Period X Par 1 0.699 11.50 18.59 10.32 
Remainder 44 0.417 8.14 8.50 5.01 
Total 99 
Error A = (Rep X trt). 
Error B = (Rep X Par) + (Rep X Par X trt). 
*P<.05. 
**P<.01. 
***P<.005. 
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Table AlO. Summary of the first gestation nitrogen metabolism, 45 and 
90 days postmating values combined, g/day 
Threonine, g/day 
Item 3.49 4.95 6.31 7.67 9.03 
Nitrogen intake 26.5 26.5 26.5 26.5 26.5 
Fecal nitrogen 4.23 4.02 4.12 3.99 3.92 
Urine nitrogen 17.46 14.43 17.08 15.12 15.96 
Nitrogen retained 4.71 7.95 5.20 7.30 6.52 
Apparent nitrogen 
digestibility®, % 83.99 
84.77 84.40 84.90 85.17 
^Apparent nitrogen digestibility = (NI-FN)/NI x 100. 
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Table All. Summary of the second gestation nitrogen metabolism, 45 and 
90 days postmating values combined, g/day 
Threonine, q/day 
Item 3.59 4.95 6.31 7.67 9.03 
Nitrogen intake 26.5 26.5 26.5 26.5 . 26.5 
Fecal nitrogen 4.32 4.22 3.89 3.75 3.34 
Urine nitrogen 16.41 13.83 15.53 14.21 15.45 
Nitrogen retained 5.66 8.33 6.95 8.43 7.57 
Apparent nitrogen 
digestibility^, % 83.62 84.02 85.24 85.79 87.34 
^Apparent nitrogen digestibility = {NI-FN)/NI x 100. 
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Table A12. Summary of plasma threonine, lysine and urea nitrogen during 
gestation as affected by threonine intake, mg/100 ml®'" 
Pietary threoni ne, g/day 
Item 3.59 4.95 6.31 7.67 9.03 
Threonine, after fast .56 .71 1.67 1.97 3.46 
Threonine, postfeed 
CO 
1.15 2.09 3.29 5.16 
Threonine, ratio^ .86 1.62 1.25 1.67 1.49 
Lysine, after fast 2.58 2.16 1.89 2.12 2.10 
Lysine, postfeed 4.32 3.98 3.50 4.04 3.66 
Urea nitrogen, after fast 12.87 12.06 12.75 12.67 13.01 
Urea nitrogen, postfeed 10.95 9.06 10.36 9.83 10.14 
^Refer to Table A13 and A14 for the statistical analysis, 
^'plasma collected after a 24-hour fast and 2 hours postfeeding. 
^Ratio = postfeed value/fasted value. 
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Table Al3. Analysis of variance of fasted plasma threonine, lysine and 
urea nitrogen during gestation 
Mean squares 
Source d.f. Threonine Lysine 
Urea 
nitrogen 
Treatment 4 27.27*** 1.24*** 2.65 
Linear 1 99.72*** 1.93** 1.59 
Quadrati c 1 5.93* 2.38*** 3.31 
Lack of fit 2 1.72 0.33 2.85 
Replicate 4 1.32 0.24 5.59 
Error A 16 0.99 0.21 5.99* 
Parity 1 2.06 5.48*** 61.75*** 
Parity X trt 4 1.78 0.29 1.16 
Error B 20 1.11 0.22 4.58 
Period 1 12.24*** 0.14 50.44*** 
Period X trt 4 3.84** 0.11 5.73 
Period X Parity 1 0.17 1.66*** 93.66*** 
Remainder 44 0.91 0.17 3.09 
Total 99 
Error A = (Rep X trt). 
Error B = (Rep X Par) + (Rep X Par X trt). 
*P<.05. 
**P<.01. 
***P<.005. 
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Table A14. Analysis of variance of postfeed plasma threonine, lysine 
and urea nitrogen during gestation 
Mean squares 
Source d.f. Threonine Lysine 
Urea 
nitrogen 
Treatment 4 68.76*** 2.12 9.68 
Linear 1 264.50*** 3.21 1.45 
Quadrati c 1 10.16* 1.31 9.40 
Lack of fit 2 0.19 1.99 13.94 
Repli cate 4 1.98 0.39 5.95 
Error A 16 2.03 0.83 4.68 
Parity 1 0.60 1.12 136.42*** 
Parity X trt 4 1.69 1.17 0.59 
Error B 20 1.49 0.71 4.24 
Peri od 1 13.16** 3.71* 85.38*** 
Period X trt 4 4.23* 0.29 9.78** 
Period X Parity 1 0.31 1.56 105.27*** 
Remainder 44 1.23 0.57 2.44 
Total 99 
Error A = (Rep X trt). 
Error B = (Rep X Par) + (Rep X Par X trt). 
*P<,05. 
**P<.01. 
***P< .005. 
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Table A15. Analysis of variance of overall plasma threonine, lysine 
and urea nitrogen during gestation 
Mean squares 
Urea 
Source d.f. Threonine Lysine nitrogen 
Treatment 4 90.74*** 3.14** 10.33 
Linear 1 344.51*** 5.06* .01 
Quadratic 1 15.81* 3.61* 11.93 
Lack of fit 2 1.31 1.95 14.70 
Replicate 4 2.64 0.20 6.94 
Error A 16 2.57 0.64 10.08 
Parity 1 2.44 5.78* 7.30 
Parity X trt 4 3.11 1.06 1.42 
Error B 20 2.49 0.74 8.16 
Peri od 1 25.40*** 1.21 133.53*** 
Period X trt 4 7.89** 0.33 14.99* 
Period X Parity 1 0.47 3.23* 198.76*** 
Error C 40 2.01 0.49 4.69 
Time 1 28.83*** 149.18*** 338.05*** 
Time X trt 4 5.30*** 0.22 2.00 
Time X Parity 1 0.22 0.83 190.87*** 
Time X Period 1 0.01 2.63*** 2.28 
Remainder 97 0.29 0.28 1.03 
Total 199 
Error A = (Rep X trt). 
Error B = (Rep X Par) + (Rep X Par X trt) 
Error C = (Rep X Per) + (Rep X Per X trt) + (Rep X Per X Par) + 
(Rep X Per X Par X trt). 
*P<.05. 
**P<.01. 
***P<.005. 
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Table Al6. Summary of plasma threonine during gestation as affected by 
threonine intake, mg/100 ml®»'' 
Pi etary threoni ne, g/day 
Itsn 3.59 4.95 6.31 1.61 9.03 
45 days 
postmating 
parity I 
0.595 1.110 1.415 2.308 2.260 
90 days 
postmating 
parity I 
0.662 0.917 2.027 2.913 5.216 
45 days 
postmating 
parity II 
0.437 0.763 1.694 2.190 4.192 
90 days 
postmating 
parity II 
0.385 0.927 2.371 3.096 5.577 
^Values are averages of plasma collected after a 24 hour fast and 
2 hours postfeeding. 
'^Refer to Table A15 for the statistical analysis. 
•68 
Table Al7. Suirmary of reproductive performance as affected by threonine 
intake during gestation^ 
Dietary threonine, g/day 
Item 3.59 4.95 6.31 7.67 9.03 
Total pigs born/litter 8.6 10.1 8.8 8.9 8.6 
Live pigs born/litter 8.2 8.7 8.7 8.2 8.1 
Total litter weight, kg 11.8 13.3 13.3 12.7 12.8 
Litter weight, 
live pigs, kg 11.4 11.9 13.2 11.8 12.2 
Gestation length, days 116.2 116.0 116.0 116.2 116.3 
Days to estrus^ 9.7 16.5 5.8 7.7 9.0 
Number of services^ 4.7 4.1 4.1 4.0 4.7 
Total embryos n . i  9.2 9.2 12.4 10.4 
Live enbryos 11.1 9.2 9.0 12.4 10.4 
Corpora lutea 13.2 14.4 12.8 15.6 12.8 
^Refer to Tables A18, A19 and A20 for the statistical analysis. 
^'Average days from weaning to estrus for parities II and III. 
''Includes data from second and third parities only. 
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Table Al8. Analysis of variance of reproductive performance 
Mean squares 
Total Total Total Litter 
pigs born litter weight of 
Source d. • f. born alive weight live pigs 
Treatment 4 3.95 0.87 3.62 4.45 
Linear 1 1.44 0.49 1.90 1.99 
Quadratic 1 3.46 2.06 8.35 5.25 
Cubic 1 5.76 0.81 4.16 0.96 
Quartic 1 5.14 0.12 0.05 9.60 
Replicate 4 15.40* 13.97* 25.66 26.34 
Error A 16 4.22 3.87 8.02 8.79 
Parity 1 5.12 7.22 0.02 1.07 
Parity X trt 4 11.77* 12.17* 23.29* 24.79* 
Remainder 20 3.94 3.43 6.47 5.89 
Total 49 
Error A = (Rep X trt). 
*P<.05. 
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Table A19. Analysis of variance of gestation length, days to estrus and 
number of services 
Mean squares 
Gestation Days to Number of 
Source d.f. length estrus services 
Treatment 4 0.18 164.83 1.22 
Linear 1 0.16 104.04 0.01 
Quadratic 1 0.46 1.83 4.46 
Lack of fit 2 0.05 276.72 0.20 
Replicate 4 2.68 252.48 1.57 
Error A 16 2.32 209.68 1.29 
Parity 1 0.18 180.50 2.00 
Parity X trt 4 1.58 25.55 1.00 
Remainder 20 1.95 225.84 0.65 
Total 49 
Error A = (Rep X trt). 
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Table A20. Analysis of variance of ovulation rate and fertilization 
rate 
Mean squares 
Total Live Corpora 
Source d.f. embryos embryos lutea 
Treatment 4 9.36 10.04* 7.44 
Linear 1 1.28 1.28 0.08 
Quadratic 1 3.66 4.63 4.63 
Cubic 1 25.92* 25.92* 3.92 
Quartic 1 6.58 8.33 21.13* 
Replicate 4 6.96 6.14 6.04 
Remainder 16 3.18 3.34 3.42 
Total 24 
*P<.05. 
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Table A21. Summary of baby pig performance during both lactations as 
affected by threonine intake during gestation, kga 
Dietary threonine, g/day 
Item 3.59 4.95 6.31 7.67 9.03 
Average weight gain/pig, 
1st week 0.76 0.64 0.83 0.69 0.80 
Average weight gain/pig 
2nd week 0.82 0.87 0.87 0.82 0.79 
Average weight gain/pig, 
3rd week 0.94 0.98 1.05 0.96 0.99 
Total lactation gain/pig 2.52 2.49 2.75 2.47 2.58 
^Refer to Table A22 for the statistical analysis. 
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Table A22. Analysis of variance of baby pig performance 
Mean squares 
Gain Gain Gain Gain 
Source d.f. 1st week 2nd week 3rd week total 
T reatment 4 0.062 0.013 0.017 0.128 
Linear 1 0.015 0.013 0.007 0.009 
Quadratic 1 0.014 0.033 0.024 0.049 
Cubic 1 0.003 0.003 0.006 0.006 
Quartic 1 0.217* 0.001 0.029 0.446 
Replicate 4 0.012 0.151 0.056 0.495 
Parity 1 0.019 0.214 0.022 0.205 
Error A 16 0.028 0.050 0.033 0.210 
Parity X trt 4 0.026 0.023 0.012 0.060 
Remainder 20 0.026 0.065 0.026 0.180 
Total 49 
Error A = (Rep X trt). 
*P<.05. 
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Table A23. Summary of plasma threonine, lysine and urea nitrogen during 
both lactations as affected by threonine intake during 
gestation, mg/100 ml^>" 
Dietary threonine. q/day 
I tan 3.59 4.95 6.31 7.67 9.03 
Threonine 0.61 0.80 0.61 0.65 0.83 
Lysine 1.96 1.96 1.84 1.98 2.00 
Urea nitrogen 17.06 17,10 17.96 16.79 17.73 
^Plasma samples were collected four hours postfeeding. 
^Refer to Table A24 for statistical analysis. 
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Table A24. Analysis of variance of plasma threonine, lysine and urea 
nitrogen during lactation 
Mean squares 
Source d.f. Threonine Lysine Urea nitrogen 
Treatment 4 0.111 0.039 2.44 
Linear 1 0.073 0.010 1.06 
Quadratic 1 0.032 0.058 0.04 
Lack of fit 2 0.170* 0.044 4.34* 
Replicate 4 0.146 1.043 12.48** 
Error A 16 0.044 0.691 4.13 
Pari ty 1 0.050 0.425 81.36*** 
Parity X trt 4 0.008 0.070 0:91 
Remainder 20 0.103 0.250 2.01 
Total 49 
Error A = (Rep X trt). 
*P<.05. 
**P<.01. 
***P<.001. 
76 
Table A25. Summary of lactation nitrogen metabolism and sow milk yield 
as affected by threonine intake during gestation, g/day^ 
Dietary threonine, q/day 
Item 3.59 4.95 6.31 7.67 9.03 
Nitrogen intake 86.9 86.9 86.9 86.9 86.9 
Fecal nitrogen 15.9 12.8^ 14.6 14.9 12.8 
Urine nitrogen 28.5 30.5b 28.5 32.8 29.1 
Nitrogen retained 42.3 42.8^ 42.3 39.0 42.3 
Milk nitrogen 34.1 34.5 33.7 37.4 35.6 
Nitrogen balance^ 8.2 8.7b 8.6 1.6 6.6 
Milk solids 732.0 739.0 722.0 784.0 773.0 
Milk yield, kg/day 4.3 4.2 4.2 4.7 4.4 
Apparent nitrogen 
digestibility^, % 81.7 85.1 83.3 83.0 85.0 
Milk protein®,% 5.0 5.2 5.1 5.1 5.1 
^Refer to Table A26 and A38 for the statistical analysis. 
^Value calculated from only nine values. One sow refused feed 
during nitrogen study. 
^Nitrogen balance = nitrogen retained - milk nitrogen. 
^Apparent nitrogen digestibility = {NI-FN)/NI x 100. 
®Milk protein = percent nitrogen X 6.38. 
Table A26. Analysis of variance of lactation nitrogen metabolism 
Mean squares 
Source d.f. 
Fecal 
nitrogen 
Urine 
nitrogen 
Nitrogen 
retained 
Nitrogen 
balance 
Apparent 
nitrogen 
digestibility 
Treatment 4 17.82 34.1 23.5 88.32 19.55 
Linear 1 20,07 14.2 13.9 99.90 23.38 
Quadratic 1 0.03 19.0 7.0 4.93 0.49 
Cubic 1 47.67* 20.6 56.4 163.24 49.08 
Quartic 1 3.48 82.7 16.6 85.22 5.26 
Replicate 4 8.53 28.2 69.9 126.51 12.14 
Error A 16 9.32 20.6 41.8 55.03 11.33 
Parity 1 331.67** 208.7** 520.0** 7.31 115.59** 
Parity X trt 4 11.32 22.7 44.9 93.41 14.26 
Remainder 19 5.66 5.7 22.3 43.02 6.42 
Total 48 
Error A = (Rep X trt). 
*P<.05. 
**P<.01. 
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Table A27. Summary of sow weight changes as affected by the threonine 
intake during gestation, kg® 
Dietary threonine, g/day 
Item 3.59 4.95 6.31 7.67 9. 03 
Gross gestation gain^^^ 30.7 32.5 43.6 41.4 38. .5 
Net gestation gain^'^ 14.0 14.8 26.2 24.7 23. ,1 
K Û 
Lactation gain ' 0.5 2.5 -3.8 2.0 -5, .1 
Total gain^'^ -0.7 19.6 24.4 32.1 18 .9 
^Refer to Table A28 for the statistical analysis. 
^Values cumulated over two reproductions. 
^Gross gestation gain = prepartum - mating weights. 
^Net gestation gain = postpartum - mating weights. 
\actation gain = weight at weaning (21 days) - postpartum weight. 
^Total gain = weight at slaughter - weight at onset of experiment. 
^Initially, sow weights averaged 131 kg. The range in weights was 
from 106 to 154 kg. One replacement sow placed on treatment number 1 had 
an initial weight of 194 kg. 
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Table A28. Analysis of variance of sow weight changes 
Mean squares 
Gross Net 
gestation gestation Lactation Total 
Source d. • f. gain gain gain d.f. gain 
Treatment 4 311.39* 327.25* 120.47 4 739.35** 
Linear 1 602.70* 790.17** 135.02 1 1340.58** 
Quadratic 1 370.34* 223.02 26.58 1 1472.93** 
Cubic 1 99.00 110.67 21.25 1 15.46 
Quartic 1 173.50 185.14 299.01* 1 128.41 
Replicate 4 54.42 108.15 30.65 4 264.66 
Error A 16 72.38 76.44 53.09 
Parity 1 539.23 587.56* 7.07 
Parity X trt 4 164.62 173.65 3.84 
Remainder 20 152.46 129.87 26.16 16 149.00 
Total 49 24 
Error A = (Rep X trt). 
*P<.05. 
**P<.01. 
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Table A29. Summary of carcass measurements as affected by threonine 
intake during gestation® 
Dietary threonine, g/day 
Item 3.59 OT 7.67 03 
Live weight, kg 149 .7 tn
 
o
 
J 147.6 157. .4 156.7 
Hot carcass weight, kg 110 .6 113 .1 110.5 118. 8 118.4 
Loineye area, sq. cm 40 .9 43 .0 43.6 50, .2 40.9 
Carcass backfat, cm 2, .6 2 .3 2.6 2, .5 2.7 
Carcass length, cm 91 .1 90 .2 90.3 90 .6 92.2 
Percent muscle, % 54 .2 55 .6 55.2 56 .6 53.5 
Ham and loin percent, % 41 .1 41 .2b 41.1 43 .4 41.3 
Liver weight, kg 1 .85 1 .72 1.67 1 .59 1.74 
^Refer to Table A30 for the statistical analysis. 
'Value calculated from four observations. 
Table A30, Analysis of variance of carcass measurements 
Mean squares 
Rôt ' Ham and 
Live carcass Loineye Carcass Carcass Percent Liver loin 
Source d.f. weight weight area backfat length muscle weight d.f. percent 
Treatment 4 96.2 82.6 72.2 0.16 0.48 7.03 .047 4 0.05 
Linear 1 215.5 226.8 25.6 0.14 0.46 0.13 .062 1 0.03 
Quadratic 1 31.8 9.9 100.3 0.21 1.43 18.15 .103 1 0.02 
Lack of fit 2 68.8 46.9 81.4 0.15 0.02 4.93 .012 2 0.07 
Replicate 4 449.9 409.5 54.7 1.78 2.82 13.25 .014 4 0.11 
Remainder 16 187.9 121.1 41.0 0.34 2.17 4.30 .026 15 0.03 
Total 24 
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Table A31. Summary of after fast plasma urea nitrogen and amino acids 
during gestation as affected by threonine intake, mg/100 ml 
Dietary threonine, g/day 
Item "339 $35 OT yTsT 03 
Urea nitrogen 12.87 12.06 12. 75 12.67 13. .01 
Alaa 3.52 3.81 4. 98 4.30 5. 23 
Val. 2.56 3.07 2. 94 3.08 3. 08 
Glyb 12.01 11.31 17. 74 12.80 16. ,91 
He 0.80 0.82 0. 81 0.82 0. 87 
LeuC 1.81 2.23 2. 11 2.22 2. ,27 
Pro 2.07 2.23 2. 17 2.37 2. 42 
Thra 0.56 0.71 1. 67 1.97 3. .46 
Ser 2.04 2.14 2. 62 2.26 2. ,39 
Phe^ 1.08 0.97 1. 07 1.05 1. .06 
Aspb 0.27 0.23 0. .34 0.33 0. .35 
61 u^ 4.35 4.64 5. .16 5.45 5. .31 
Tyr^ . 0.96 0.94 0. .90 0.96 1. .02 
LygC'd 2.58 2.16 1. .89 2.12 2. .10 
Sum of these 13 
amino acids& 34.62 35.27 44, .38 39.74 46. .49 
Sum of the 6 
essential amino acids^ 9.40 9.96 10. .49 11.26 12 .85 
Sum of the 6 essential 
amino acids minus thr 8.83 9.25 8 .82 9.29 9 .39 
Sum of the 6 essential 
amino acids minus thr 
and lys 6.26 7.09 6 .92 7.17 7 .29 
^Treatment effect linear (P<.005). 
^Treatment effect linear (P<.05). 
^Treatment effect linear (P<.Ol). 
^Treatment effect quadratic {P<.005). 
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Table A32. Summary of post feeding plasma urea nitrogen and amino acids 
during gestation as affected by threonine intake, mg/100 ml 
Dietary threonine, g/day 
Item "339 05 531 7.67 TW 
Urea nitrogen 10.95 9.06 10.36 9.83 10.14 
Ala* 5.55 6.89 7.33 8.26 9.20 
Valb 3.76 4.50 4.15 4.83 4.57 
Gly* 12.04 13.14 16.47 14.22 18.01 
lie. 1.23 1.30 1.27 1.39 1.32 
LeUb 1.18 1.57 1.53 1.70 1.71 
Pro, 3.83 4.16 3.68 4.47 4.75 
Thr® 0.48 1.15 2.09 3.29 5.16 
Ser° 1.82 2.40 2.27 2.39 2.52 
Phe. 0.89 0.76 0.88 0.84 0.86 
AsPb 0.31 0.34 0.37 0.45 0.49 
Glu° 4.97 5.26 5.11 5.95 6.03 
Tyr 0.93 0.85 0,84 0.91 0.94 
Lys 4.32 3.98 3.50 4.04 3.66 
Sum of these 13 
amino acids® 41.30 46.30 49.48 52.74 59.23 
Sum of the 6 
essential amino acids® 11.86 13.26 13.41 16.09 17.28 
Sum of the 6 essential 
amino acids minus thr 11.39 12.11 11.33 12.81 12.12 
Sum of the 6 essential 
amino acids . 
minus thr and lys 7.06 8.13 7.83 8.77 8.46 
^Treatment effect linear (P<.005). 
'^Treatment effect linear (P<.05). 
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Table A33. Summary of fasted and postfeed plasma urea and amino acids 
during gestation as affected by threonine intake, mg/100 ml 
Dietary threonine, q/day 
Item "1759 05 OT 7.67 03" 
Urea nitrogen 11. 91 10. 56 11. 56 n. 25 11.58 
Alaa 4. 54 5. 35 6. 16 6. 28 7.22 
Valb 3. 16 3. 79 3. ,54 3. 95 3.82 
Glyc 12. 02 12. 22 17. ,10 13. 51 17.46 
He 1. 02 1. 06 1. ,04 1. 11 1.10 
Leua 1. 49 1. 90 1. ,82 1. 96 1.99 
Prob 2. ,95 3. 20 2. ,92 3. ,42 3.58 
Thra 0. .52 0. 93 1. .88 2. ,63 4.31 
Ser 1. ,93 2. ,27 2. .44 2. ,33 2.46 
Phe 0. .99 0. .86 0, .97 0. .95 0.96 
Aspa 0. .29 0. .28 0. .35 0, .39 0.42 
Glub 4, .66 4. .95 5, .13 5, .70 5.67 
Tyr. . 0, .94 0, .90 0, .87 0, .94 0.98 
Lys^'d 3. .45 3, .07 2 .70 3, .08 2.88 
Sum of these 13 
amino acids® 37 .96 40, .79 46 .93 46 .24 52.86 
Sum of the 6 
essential amino acids® 10 .63 11 .61 11 .95 13 .67 15.07 
Sum of the 6 
essential amino aci ds 
10.76 minus thr 10 .11 10 .68 10 .07 11 .05 
Sum of the 6 
essential amino acids 
minus thr and lysb 6 .66 7 .61 7 .38 7 .97 7.87 
^Treatment effect linear (P<.005). 
^"Treatment effect linear (P<.05). 
''Treatment effect linear (P<.01). 
'^Treatment effect quadratic (P<.05). 
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Table A34. Summary of plasma urea nitrogen and amino acids during 
lactation as affected by gestation threonine intake, mg/100 ml 
Dietary threonine, g/day 
Item 3. 59 4.95 6. 31 7. 67 9. 03 
Urea nitrogen 17. 06 17.10 17. 96 16. 79 17. .73 
Ala 6. 96 7.63 8. 73 7. 53 8. .14 
Val 1. 78 2.20 1. 87 1. 79 2, .08 
Gly 10. 71 12.48 12. 88 12. .49 13. .87 
He 0. 53 0.66 0. 56 0. .57 0. .63 
Leu 2. 57 2.92 2. 51 2. .54 2 .67 
Pro 5. 81 6.49 5. 40 5. .50 5, .89 
Thr 0. 61 0.80 0. ,61 0, .65 0 .83 
Ser 2. .24 2.48 2. ,34 2, .41 2 .60 
Phe 1. ,62 1.64 1. ,46 1, .52 1 .50 
Asp 0. ,60 0.68 0. .64 0, .68 0 .73 
Glu 8. ,62 8.16 8. .82 8 .30 9 .95 
Tyr 2, .04 2.35 2, .02 2 .28 2 .06 
Lys 1, .96 1.96 1, .84 1 .98 2 .00 
Sum of these 13 
amino acids 46, .06 50.45 49 .69 48 .24 52 .95 
Sum of the 6 
essential amino acids 9 .08 10.19 8 .85 9 .06 9 .71 
Sum of the 6 
essential acids 
minus thr 8 .46 9.38 8 .24 8 .41 8 .88 
Sum of the 6 
essential amino acids 
minus thr and lys 6 .50 7.42 6 .40 6 .43 6 .88 
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Table A35. Summary of liver L-lysine-o-ketoglutarate reductase activity 
as affected by threonine intake, min^ 
Dietary threonine, q/day 
Item 3.59 4.95 6.31 7.67 9.03 
Saccharopine 302.3 400.4 406.0 441.4 439.6 
produced, 
pmol/mg of protein 
Saccharopine 113.3 152.6 154.6 164.2 172.7 
produced, 
vmol/Iiver 
^Refer to Table A36 for the statistical analysis. 
87 
Table A36. Analysis of variance of L-lysine-a-ketoglutarate reductase 
activity 
Saccharopine Saccharopine 
produced, produced. 
Source df pmol/mg protein pinol/1 iver 
Treatment 4 16050 2601* 
Linear 1 49785* 8499** 
Quad 1 10312 1039 
Lack of fit 2 2052 433 
Replicate 4 58009** 8151** 
Rep X trt 16 6570 820 
*P<.05. 
**P<.01, 
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Table A37. Summary of plasma threonine during gestation as affected by 
parity, period, and threonine intake, mg/100 ml^ 
Dietary threonine, q/da.y 
Item 3.59 4.95 6.31 7.67 9.03 
Parity I 0.63 1.01 1.72 2.61 3.74 
Parity II 0.41 0.84 2.03 2.64 4.88 
Period I 0.52 0.94 1.55 2.25 3.23 
Period II 0.52 0.92 2.20 3.00 5.40 
Parity I, Period I 0.60 1.11 1.41 2.31 2.26 
Parity I, Period II 0.66 0.92 2.03 2.91 5.21 
Parity II , Period I 0.44 0.76 1.69 2.19 4.19 
Parity II , Period II 0.38 0.93 2.37 3.10 5.58 
^Refer to Table A16 for the statistical analysis. 
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Table A38. Analysis of variance of milk criteria 
Mean squares 
Milk MTTK MTTR MTTiT 
Source d.f. nitrogen solids yield protein 
Treatment 4 22. .23 7337.5 0. 37 0. 04 
Linear 1 35. .26 16397.2 0. ,46 0. 01 
Quadratic 1 0. .01 1379.1 0. ,03 0. 06 
Cubic 1 17. .99 2438.9 0. .63 0. 08 
Quartic 1 35. .65 9134.7 0. .37 0. 02 
Replicate 4 14, .86 4880.7 0, .22 0. ,18 
Error A 16 55 .64 24872.8 0, .90 0. ,11 
Parity 1 450 .59** 214156.7** 12, .22** 1. ,15** 
Parity X trt 4 31 .21 14491.2 0, .46 0. ,01 
Remainder 20 39 .11 18960.8 0 .61 0. .06 
Total 49 
Error A = (Rep X trt). 
**P<.01. 
